• The UN has a responsibility to prevent such an outcome; selective predeployment screening and treatment of UN peacekeeping troops is feasible and urgently needed.
Introduction: The Precedent of Cholera in Haiti
In the aftermath of the massive earthquake that devastated Haiti in 2010, an ongoing epidemic of cholera introduced by United Nations peacekeepers has resulted in over 730,000 cases and over 8,700 deaths-the largest single-country cholera epidemic in nearly a century [1, 2] . This disaster should serve as an urgent warning about the potential for introduction by UN troops of other serious infectious diseases into the vulnerable populations they were sent to protect. Indeed, the UN has recently agreed to avoid rotation of African troops to Haiti because of concern about the introduction of Ebola [3] . But the tragedy in Haiti pales in comparison to the scale of long-term impact on malaria morbidity, mortality, and control programs that would result from the introduction of artemisinin-resistance into sub-Saharan Africa, where 85% of the world's falciparum malaria cases and over 90% of all malaria deaths now occur [4] . This threat demands urgent action, in particular on the part of the UN.
The Importance of Artemisinins and the Threat of Resistance
Artemisinin derivatives are currently the mainstay of antimalarial treatment throughout the world. Their implementation, along with expanded use of insecticide-treated bed nets, accounts for a large part of the reduction in malaria deaths in Africa over the past decade [5] . Consequently, the emergence of decreasing responsiveness to artemisinin derivatives over the past few years is deeply concerning. Initially observed in Cambodia, resistant strains now appear to be spreading rapidly within the region and have been observed in Myanmar, Laos, Thailand, Vietnam, and, most recently, at the Indian border [6] [7] [8] . This pattern of rapid dissemination evokes the history of chloroquine resistance, which first appeared in the same area of Southeast Asia over 50 years ago. Chloroquine resistance soon reached Africa, where its inexorable spread across the continent over a few years resulted in the loss of a safe, inexpensive treatment and a 2-to-3-fold increase in malaria deaths and admissions for severe malaria [9, 10] . With no comparably effective treatment alternative available, the establishment of artemisinin-resistant malaria in sub-Saharan Africa would be expected to result in a substantial reversal of the recent progress in malaria control and a major increase in malaria illness and death. New WHO initiatives to prevent the emergence of artemisinin resistance by ensuring the drug is only available coformulated with other antimalarials represent an important positive step, to the degree that they are effectively implemented. Any positive impact of these policies, however, would be rapidly overwhelmed if resistant parasites were introduced directly into the fertile soil of a highly malaria-endemic population.
Peacekeepers and Malaria Transmission
UN peacekeeping entails a particularly potent mix of risk factors favoring the spread of artemisinin resistance. Many countries where peacekeepers are deployed are also among the most vulnerable to malaria, including South Sudan, the Democratic Republic of the Congo, and the Central African Republic. This vulnerability is exacerbated by mass population displacements and damage to health systems as a result of conflict. Peacekeepers working in such conditions are at risk of exposure to local mosquito vectors, making them both potential victims of malaria and contributors to its transmission. In at least one nonmalarious country, returning UN peacekeepers are the largest single risk group for imported malaria [9] . At the same time, peacekeeping forces increasingly come from malaria-endemic countries, including those where artemisinin resistance has been documented. Among current UN missions, Cambodia has contributed troops to those in Mali, South Sudan, and the Darfur and Abyei regions, while Thailand has participated in Darfur, Cote d'Ivoire, and the Central African Republic. Vietnam recently began contributing troops in South Sudan [11] .
Existing UN guidelines for peacekeepers focus on protecting them from local infectious diseases, ignoring the potential for diseases imported by the peacekeepers to pose a threat to locals, as was all too readily illustrated in Haiti. The potential for peacekeepers to import drugresistant malaria into a previously drug-sensitive region has already been demonstrated: following a tour of duty in the Democratic Republic of the Congo, UN peacekeepers brought chloroquine-resistant malaria home to Guatemala [12] . Ultimately, it would take only one soldier carrying resistant parasites to introduce resistance into an entire continent under the much more favorable conditions for ongoing transmission that prevail in Africa [13] .
A Feasible Preventive Intervention
Fortunately, robust, affordable technology is readily available that would enable routine screening of troops from endemic areas prior to deployment, in a manner both more feasible and more reliable than screening for many other diseases such as cholera. Soldiers from malaria-endemic areas, particularly those where, based on current surveillance, artemisinin resistance is present or suspected, could be screened using polymerase chain reaction (PCR) methodology.
Any individual found positive for Plasmodium falciparum, regardless of symptoms, would have his or her deployment delayed until he or she was cured. The specific treatment used would be chosen on the basis of the best current evidence. It would be followed by primaquine treatment as per WHO recommendations, with the need for prior glucose-6-phosphate dehydrogenase (G6PD) testing determined by the dosing strategy used [14] , to eradicate gametocytes of the potentially resistant malaria strain. Soldiers would continue to take the UNrecommended prophylaxis and other preventive measures during their deployment.
The sensitivity of PCR for malaria is much greater than that of microscopy or rapid diagnostic tests and continues to improve [15, 16] . Since asymptomatic, semi-immune individuals with low parasitemias may transmit malaria [17] , it is critical that the most sensitive available technology be used. The proposed strategy need not initially depend on identifying artemisinin resistance genes, an evolving technology [18, 19] .
This predeployment screening would also benefit the individual peacekeepers; those found to be positive would gain from the diagnosis and cure of an infection that might otherwise have recrudesced in the field.
Although the threat posed by artemisinin resistance is sufficiently great that a case could be made for broader application of this screen-and-treat strategy to other travelers, UN soldiers constitute both the highest priority and the most feasible target group for several reasons: (1) the interaction of these troops with local populations is likely to be uniquely high risk in regard to malaria transmission, (2) UN missions exist under a single centralized authority, and their military structure makes implementation and enforcement relatively straightforward, and (3) the UN has an ethical obligation to not cause harm through peacekeeping activities.
While we believe the approach described here represents the best option given current knowledge, we emphasize that the priority is effective action on this issue. Because of concerns regarding the sensitivity of currently available tests in detecting all malaria infections, other approaches have been suggested, such as treatment (including primaquine) before deployment and without malaria testing of all soldiers from endemic countries, even though only a small minority will have malaria. Another element of the response to the threat of spreading artemisinin resistance, particularly in Africa, should be the implementation of systematic surveillance for resistance, which will be facilitated by the development and validation of molecular markers [13, 19] .
While it is simpler to screen for malaria than for cholera, it is much more difficult to contain malaria once introduced. Compliance with basic principles of sanitation would have kept Vibrio cholerae-infected human waste out of Haitian waterways and cholera from the Haitian population. By contrast, numerous studies indicate the difficulties of protecting troops from malaria, indicating that it is nearly impossible to reliably prevent peacekeeping forces from exposure that could lead to acquisition or transmission of the infection. Today, the cost of eradicating cholera from the island of Hispaniola is estimated at US$2.2 billion [20] . Eradicating drug-resistant malaria from areas where eliminating the disease has historically proven impossible is not likely to be achievable, much less affordable. Consequently, it is crucial to prevent introduction of drug resistance in the first place.
Urgent Action Is Indicated, for Which the UN Has a Primary Responsibility
Cambodia's National Malaria Center has recognized the risk posed by its peacekeepers, and it appears the Cambodian military has taken steps towards developing and implementing a screening framework [21] , a commendable initiative. However, artemisinin resistance poses a global threat that should properly be addressed by the international body responsible for peacekeepers. Both ethically and logistically, the development and implementation of standards for screening and treatment should be the responsibility of the UN as part of a comprehensive commitment to disease prevention among both peacekeepers and the local populations they serve. These measures can and should be implemented immediately.
